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(57) ABSTRACT 

The invention relates to a DDR memory and to a storage 
method for storing data in a DDR memory having a plurality 
of memory cells Which each have a prescribed Word length, 
in Which a serial data input is used to read in serial data on 
a rising or falling edge of the data clock signal, and a 
serial-parallel converter is used to put together a prescribed 
number of data items from the data read in to give a 
prescribed number of Words from data Words having the 
prescribed Word length. 

To make transferring the data from one synchronization area 
to another synchronization area, and resynchronization 
thereof, more reliable, the invention involves an interface 
memory copying the at least one data Word from the 
serial-parallel converter upon receipt of a copy signal Which 
is synchronous With the data block signal and outputting it 
to a bus upon receipt of an output signal Which is synchro 
nous With the system clock signal. 

5 Claims, 3 Drawing Sheets 
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DDR MEMORY AND STORAGE METHOD 

TECHNICAL FIELD 

The invention relates to a DDR memory and to a storage 
method in such a DDR memory in accordance With the 
precharacteriZing part of claim 1 or 4, and particularly to 
stabilization of Write access operations. 

BACKGROUND ART 

Whereas read and Write operations in normal memories 
take place only on the rising or falling edge of a clock signal, 
data in DDR (double data rate) memories are read and 
Written both on rising edges and on falling edges of the clock 
signal, i.e. at double the data rate. In this case, the clock 
signal used for reading in the data differs from the clock 
signal used for transferring instructions. During Write access 
to the memory, the data (DQ) are delivered by a controller 
together With a Write clock signal (data strobe clock, DQS) 
in order to ensure a ?xed temporal relationship betWeen data 
and the Write clock signal DQS. The Write instruction is 
synchroniZed With an instruction clock CLK. 

The phase of the Write clock signal DQS (and hence of the 
data) can ?uctuate relative to an external clock signal for 
addresses and commands (CLK), speci?cally to the extent of 
a shift forWard or back through one quarter of a clock cycle. 
For the Write part of the data path in the memory, this means 
that the data are not read in and synchroniZed With the 
internal clock signal derived from the external clock signal 
CLK, but rather With the Write clock signal DQS. HoWever, 
external access to the memory array, including address 
decoding, is derived from the respective Write command WR 
and from an address information item ADR. The Write 
command WR and the address information item ADR are for 
their part synchroniZed With the external clock signal CLK. 
The result of this is that the Write path needs to contain an 
interface betWeen signals Which are synchroniZed With the 
Write clock signal DQS and signals Which are synchroniZed 
With the clock signal CLK for addresses and commands. The 
transition betWeen the tWo synchroniZation domains is 
called a “clock-domain change”. Speci?cally, the data at the 
input of DDR memories are synchroniZed With the Write 
clock signal DQS and are subsequently Written synchro 
nously to a memory-internal data bus in a further circuit 
using an external Write clock signal WRCLK. 

If the Write clock signal DQS and the external Write clock 
signal WRCLK do not observe particular speci?cations, data 
can be inadvertently overWritten When transferring betWeen 
the DQS and CLK areas. The reliability of data transfer 
betWeen the DQS and CLK areas is dependent on the 
maximum shift in the external Write clock signal WRCLK 
With respect to the clock signal CLK and hence also With 
respect to the Write clock signal DQS. 

SUMMARY OF THE INVENTION 

It is an object of the invention to make the transfer of data 
from one synchroniZation area to another synchroniZation 
area, and resynchroniZation thereof, more reliable. 

The invention achieves this object by means of the DDR 
memory in accordance With claim 1 and by the storage 
method in accordance With claim 4. Preferred embodiments 
of the invention are covered by the subclaims. 

By introducing a pulsed interface betWeen the DQS 
synchronous and the CLK-synchronous area, the Write clock 
signal DQS is shifted With respect to the external Write clock 
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2 
signal WRCLK, so that relatively long intervals of time arise 
betWeen the tWo. It is possible to double the interval. This 
makes time for receiving the data in the subsequent syn 
chroniZation area, and data transfer becomes more reliable. 
The inventive DDR memory having a plurality of 

memory cells Which each have a prescribed Word length, 
Which comprises: a ?rst clock signal input for receiving a 
system clock signal, a second clock signal input for receiv 
ing a data clock signal, an instruction input for reading in 
and decoding a Write instruction Which is synchroniZed With 
the system clock signal, a serial data input for reading in 
serial data on a rising edge and on a falling edge of the data 
clock signal, a serial-parallel converter for putting together 
a prescribed number of data items from the data read in to 
give a prescribed number of Words from data Words having 
a prescribed Word length, is characteriZed by an interface 
memory Which copies the at least one data Word from the 
serial-parallel converter When it receives a copy signal 
Which is synchronous With the data clock signal, and Which 
outputs the at least one data Word to a bus When it receives 
an output signal Which is synchronous With the system clock 
signal. 

In particular, the invention provides a device for produc 
ing a time WindoW in Which production of the copy signal is 
inhibited by the data clock. 

In one preferred embodiment of the invention, the device 
for producing a time WindoW comprises a counter, Whose 
output state changes once from a ?rst to a second output 
state betWeen the reading-in of a ?rst data value and of a last 
data value for the at least one data Word, and a clock 
synchroniZation device Which outputs the copy signal When 
a data clock signal is applied and the counter has the second 
output state. 
The inventive storage method for storing data in a DDR 

memory, as described above, having a plurality of memory 
cells Which each have a prescribed Word length is charac 
teriZed by an interface memory copying the at least one data 
Word from the serial-parallel converter upon receipt of a 
copy signal Which is synchroniZed With the data clock signal 
and outputting the at least one data Word to a bus upon 
receipt of an output signal Which is synchronous With the 
system clock signal. 
One advantage of the invention is that the pulsed interface 

memory extends the maximum possible tolerance for 
production-related and operation-related ?uctuations 
(voltage, temperature), so that demands on other circuits can 
be reduced. 

Other features and advantages of the invention can be 
found in the description beloW of an exemplary 
embodiment, Where reference is made to the appended 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically shoWs a memory interface based on 
the prior art. 

FIG. 2 shoWs a timing diagram for the clock and data 
signals on the memory interface shoWn in FIG. 1. 

FIG. 3 shoWs the sequence of data transfer operations 
based on the prior art. 

FIG. 4 schematically shoWs an embodiment of the inven 
tive memory interface. 

FIG. 5 is an illustration to explain the time gain on the 
memory interface shoWn in FIG. 4. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 schematically shoWs the design of a memory 
interface in a DDR memory. The data to be Written arrive at 
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the memory via a serial data line 1. Simultaneously With the 
data, a data clock signal 2 is applied. The tWo signals are 
captured by a data read-in device 3, the design of Which Will 
be explained in detail later. The data are forwarded via an 
internal data line 4. 

The data clock ?uctuates With respect to the system clock 
Within a speci?ed range. A Write instruction applied to the 
memory externally is processed in the memory synchro 
nously With an instruction clock, Which for its part is 
synchronous With the system clock. The instruction clock is 
applied, on a line 5, to a resynchroniZation device 6 Which 
reads in the data on the internal data line 4. In the resyn 
chroniZation device 6, the data are synchroniZed With the 
instruction clock or With the system clock, and they are then 
output to an internal parallel data bus 7 Which generally has 
the same Width as the individual memory cells (not shoWn) 
of the memory. 

The data are resynchroniZed to the system clock using a 
series of signals shoWn in detail in FIG. 2. The data DQ 
arrive on the line 1. TWo data values are shoWn as cross 
hatched areas, namely a ?rst data value D0 and a ?nal data 
value D3. In betWeen, there may be further data items in a 
transmission, for eXample D1 and D2 etc. Simultaneously 
With the data, the memory receives the signal DQS via the 
line 2. This signal DQS ?uctuates overtime With respect to 
the system clock signal CLK and the negated system clock 
signal CLK#. The only data to be read in Which are recog 
niZed are those Which have a particular temporal relationship 
tDQSS With the data clock DQS, that is to say the data values 
D0 to D3 in the illustration. The boundaries Within Which the 
temporal relationship betWeen the data and the data clock 
needs to fall is shoWn in the bottom tWo signal pro?les: the 
very bottom pro?le indicates the maXimum shift tDQSSmaX 
in the clock signal With respect to the data signal for long 
times, and the pro?le above gives the minimum shift 
tDQSSmn. 

Hatched areas of the signals in FIG. 2 are not taken into 
account. 

Reading in the arriving data and buffer-storing them in the 
interface in the prior art is shoWn in FIG. 3. In this case, it 
is assumed that the data values A, B, C and D, forming a 
cohesive data packet or “burst ”, arrive on the data input line 
1. The associated data clock signal pulses on line 2 are 
shoWn above. On the ?rst rising edge of the data clock 
signal, the value A is stored in a register in the data read-in 
device 3. On the subsequent falling edge of the data clock 
signal 2, the value B is stored in a second register in the data 
read-in device 3. On the second rising edge of the data clock 
signal 2, the value C is stored in a third register, and on the 
second falling edge of the data clock signal 2, the value D 
is stored in a fourth register. 
As soon as all the values of a “burst” have been read in 

and stored, the prior art involves a data Word, Whose length 
corresponds to the number of data values stored, being 
output via the internal parallel bus 7. The output of the data 
on the bus 7 is prompted by the system-clock-synchronous 
signal on the line 5. As already described above, the time '5 
between completion of storage in the registers and output of 
the data to the parallel bus 7 can therefore be very short, so 
short that data Which have already been applied from a 
subsequent “burst” have already overWritten the ?rst value 
(in this case A) in one of the registers, and hence the Write 
operation proceeds incorrectly. 

FIG. 4 shoWs an embodiment of the inventive DDR 
memory interface in Which there is enough time T 
remaining/length of the data packet, ie the number of data 
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4 
values A, B, C and D, is knoWn (and is 4 in FIG. 4), the end 
of the data packet can be recogniZed in advance by counting 
the system clock pulses. If a data packet has been read in, 
then the data value in the buffer store 3b can be output. To 
ensure that reading-in has actually been ended and that all 
the values in the data packet are held in the registers 3b, the 
values are released synchronously With the data clock 2. To 
this end, the counter 12 is connected to a clock synchroni 
Zation device 13. This clock synchroniZation device 13 has 
the data clock pulse 2 applied to it permanently. HoWever, 
only When the result from counter 12, indicating the end of 
a data packet, is available does the clock synchroniZation 
device 13 forWard a data clock pulse as a masked data clock 
pules 14 to the buffer store 3b. The buffer store 3b thus 
outputs the register content at its outputs (not shoWn), Where 
it is copied by an interface memory 15. 
The data coming via the line 1 are read into a ?rst register 

on a rising edge of the data clock signal 2 and are read into 
a second register on a falling edge of the data clock signal 
2. The tWo registers are combined to form a buffer store 3a. 
When the value A or B has been read into a respective 
register on the ?rst rising edge and the ?rst falling edge, the 
neXt rising edge and the neXt falling edge involve the 
respective value in the tWo registers of buffer store 3a being 
copied to a doWnstream register, and the value in the 
registers of buffer store 3a is overWritten by the subsequent 
data C and D in the same data packet. On a further edge of 
the data clock signal 2, these tWo values C and D are also 
Written to a doWnstream register, so that the buffer store 3a 
is thus folloWed by a further buffer store 3b containing four 
registers. The registers in the buffer store 3a and 3b are 
respectively denoted by “FF” (?ip ?op). The buffer store 3a 
and the buffer store 3b together form the data read-in device 
3. 

The reading-in of the data is triggered by a Write instruc 
tion Which is applied on an instruction line 8. The Write 
instruction is captured and evaluated in an instruction 
decoder 9 in the memory. At the same time, a system clock 
signal 10 is applied to the memory interface. The system 
clock signal 10 is captured by a signal generator 11 Which 
uses the Write instruction 8 and the system clock 10 to form 
an internal Write clock Which corresponds to the signal on 
line 5 in FIG. 1. In addition, the signal generator 11 uses the 
Write instruction 8 and the system clock 10 to produce a 
further signal, Which is used to activate a counter 12 Which 
counts the pulses of the system clock. Since the length of the 
data packet, ie the number of data values A, B, C and D, is 
knoWn (and is 4 in FIG. 4), the end of the data packet can 
be recogniZed in advance by counting the system clock 
pulses. If a data packet has been read in, then the data value 
in the buffer store 3b can be output. To ensure that reading-in 
has actually been ended and that all the values in the data 
packet are held in the registers 3b, the values are released 
synchronously With the data clock 2. To this end, the counter 
12 is connected to a clock synchroniZation device 13. This 
clock synchroniZation device 13 has the data clock pulse 2 
applied to it permanently. HoWever, only When the result 
from counter 12, indicating the end of a data packet, is 
available does the clock synchroniZation device 13 forWard 
a data clock pulse as a masked data clock pulse 14 to the 
buffer store 3b. The buffer store 3b thus outputs the register 
content at its outputs (not shoWn), Where it is copied by an 
interface memory 15. 

FolloWing the copy operation, the content of the interface 
memory 15 is output to the internal parallel bus 7 synchro 
nously With the instruction clock 5. 

In other Words, the counter 12 and the clock synchroni 
Zation device 13 together produce a time WindoW T in Which 
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copying of the content of the buffer store 3b by the interface 
memory 15 is inhibited. 

Preferably, With a data-packet length of four bits, the 
counter 12 is a one-bit counter Whose output state changes 
just once from a ?rst to a second output state betWeen 
reading-in of the ?rst data value A and of the last data value 
D. Thus, the output of the counter 12 at the end of the data 
packet, for example, is at one, following its being at Zero at 
the start of reading-in. If a data clock signal 2 is then applied, 
the clock synchroniZation device 13 forWards the neXt data 
signal 2, and the copy operation With subsequent, indepen 
dent output of the data to the internal bus 7 is triggered. 

With this design for the memory interface, a great deal of 
temporal independence betWeen reading-in and internal out 
put of the data has been achieved, and hence greater toler 
ance When resynchroniZing the data. 

This is eXplained beloW With reference to FIG. 5. 
FIG. 5 shoWs tWo successive data packets A, B, C, D, A, 

B, C and D on the data line 1. Simultaneously With the data, 
the data clock 2 is applied, Which is shoWn above. The data 
are read into the buffer store 3, more precisely into the 
register 3b, as shoWn in FIG. 4. The ?rst data packet is then 
ready for memory-internal forWarding; it needs to be copied 
before it is overWritten. 

The situation in Which a copy instruction comes very 
early is shoWn on the left in the bottom half of FIG. 5; the 
situation in Which a copy instruction comes very late is 
shoWn on the right. With a ?Xed data packet length of four 
data values, the neXt pulse can come no earlier than after tWo 
clock cycles. This increases the possible range of ?uctuation 
of the copy instruction 14 With respect to the data clock 2 to 
tWo for a data-packet length of four and a “prefetch” of four 
as Well. 

Reference numerals 

Serial data input line 
2 Data clock line DQS 
3 Data read-in device, 3a ?rst buffer store, 3b 

second buffer store 
4 Internal data line for transferring DQS 

synchronized data 
5 Instruction clock line WRCLK 
6 Resynchronization device DQS/WRCLK 
7 Internal parallel data bus 
8 Instruction line 
9 Instruction decoder 

System clock line 
Signal generator 
Counter 
Clock synchronization device 
Masked data clock pulse, sync DQS 
Interface memory 

What is claimed is: 
1. A DDR memory having a plurality of memory cells 

Which each have a prescribed Word length, Which comprises: 
(a) a ?rst clock signal input for receiving a system clock 

signal; 
(b) a second clock signal input for receiving a data clock 

signal; 
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6 
(c) an instruction input for reading in and decoding a Write 

instruction Which is synchroniZed With the system 
clock signal; 

(d) a serial data input for reading in serial data on a rising 
edge and on a falling edge of the data clock signal; and 

(e) a serial-parallel converter for putting together a pre 
scribed number of data items from the data read in to 
give a prescribed number of Words from data Words 
having a prescribed Word length, Wherein an interface 
memory Which copies the at least one data Word from 
the serial-parallel converter When it receives a copy 
signal Which is synchronous With the data clock signal, 
and Which outputs the at least one data Word to a bus 
When it receives an output signal Which is synchronous 
With the system clock signal. 

2. The DDR memory as claimed in claim 1, comprising a 
device for producing a time WindoW in Which production of 
the copy signal by the data clock is inhibited. 

3. The DDR memory as claimed in claim 2, Wherein the 
device for producing a time WindoW comprises a counter, 
Whose output state changes once from a ?rst to a second 
output state betWeen the reading-in of a ?rst data value and 
of a last data value for the at least one data Word, and a clock 
synchroniZation device Which outputs the copy signal When 
a data clock signal is applied and the counter has the second 
output state. 

4. A storage method for storing data in a DDR memory 
having a plurality of memory cells Which each have a 
prescribed Word length, Which comprises the folloWing 
steps: 

(a) receiving a system clock signal in a ?rst clock signal 
input; 

(b) receiving a data clock signal in a second clock signal 
input; 

(c) reading in and decoding a Write instruction in an 
instruction input; 

(d) synchroniZing the Write instruction With the system 
clock signal; 

(e) reading in serial data on a rising edge and on a falling 
edge of the data clock signal With a serial data input; 
and 

(f) putting together a prescribed number of data items 
from the data read in to give a prescribed number of 
Words from data Words having the prescribed Word 
length With a serial parallel converter, Wherein an 
interface memory copying the at least one data Word 
from the serial-parallel converter upon receipt of a copy 
signal Which is synchroniZed With the data clock signal 
and outputting the at least one data Word to a bus upon 
receipt of an output signal Which is synchronous With 
the system clock signal. 

5. The method as claimed in claim 4, Wherein producing 
a time WindoW in Which production of the copy signal by the 
data clock is inhibited by a device. 

* * * * * 


